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8tudies on the pharmacology of quarternary tropeines and R-amino-

ketones .

Almost a century ago, in 1868, Brown andp Fraser conducted
heir first successful experiments in the field of structure-
activity relationships. They demonstrated that the pharmacological
actions of alkaloids can be altered by methyl quarternization of
thefw tertiary N-atom. This chemical change, that is the formation
of an ammonium %fon regulted in a loss of central stimulant or de-
pressant actions of these alkaloids. On the other hand, it brought
about curare-like actions on the motor—end-plates. These findings
were first utilized 46 years ago when the need arose to broaden the
therapeutic usefulness of atropine and homatropine. We found that
the methylquaternary derivative of homatropine, which has become
known in Bungary by the name of novatropine, and in this country
as mesopin, had smaller toxicity and greater potency at the para-
sympathetic effector sites than the parent compound, homatropine.
Another early observation of ours was also 2::;g-the first discov-
ery in this field when a synergism between papaverine and para-
sympatholytic ‘;&%&: was established. A combination preparation -
f&i-zfoparin - resulting from these studies, thus became the predecessor
of hundreds of similar prepsrations. No further studies wexr ¢ made
following these early investigations for about three decades - until
1942. Then, Griffith and Johnson, by introducing curare as an
adjuvant of surgical anesthesia, initiated wwe search for developing
synthetic curare agents. At that time, it occurred to me that
novatropi™
t he gquarternary methyl-bomatropinium salthTEE\E%H”kome mild curare
like properties. At my suggestion, Dr. Nador, a-very ok nadnss
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organic chemist, in _my-department, undertook & program, commencing

in 1948, of synthegizing new gquarternary ammonium cogpounds. On
evoler
the basis of the observations of Barlow and Ing Ge* obtainimg high
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€
curare-]ike potenéEZ)it was indicated that two quarternary ammoniugh 4
potenc 3
groups should be present in the molecules about 15 4 apart from ;
:\-—-—N] {
each other ¥ Nador aud his cownrkars first produced compounds in s
vhich two quartertary ammonium groups weee licksd by diphenylmethane 3
4
or by p-zylylens growpe. Althougk the p-zylvlene guerternary deriv- ;
4
ative of homatropine proved to bave high curave-like activity, 1t i
was not suitable for therapeutic purposes bacausa of s marked |
) boosetholess _
atropine-like sotion. Rewaceen, this latter sction could almost
;
be completsly eliminsted by substivuiing the mandelis acid part of

the moleculs by beusoic scid. The resuitiog 1-4 xyiylens, bis,a-
ben:oykk?trapi&x&m bremide was Tound to be sgulpotent wiih
tubocurarine and #lsc kad the sdvantege of being readily revers-

ible by mﬁcati?wﬁm@. Laver, NHador sand Gyermel demonstrated that

molecules with two tyopine vimgs compsctad by dicarbonic acids,
~(

suck &8 succinicz and phralic k& 2cids and quaternized with suitable
arometic groupk also yield very potant cursve like agents. Two of

them {¥-306 and 307} proved ro be I-% timee mors potsnt than tubo- !
curaxﬁﬁw but besides zhelr cureve like action thay algo preduwced
Fak

conpiderarid blowd prassure Tugel by inkibiting genglionic trans-
miseion.

fuvasiigations of Fodor sl wedor disniosed the steveochemical
;Mu‘m"“‘"w

featuxas of tropine compounds. With che uss of the ¥-0 acyymigra~

e

tion reaction they determined the configuration of tropine and

pseudotaopine demonstrating fhat in the tropine molacule the 3-OH

i
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group has an anti (a) position whereas in the pseudotropine it has
a syn (B) position. Nador has synthesirzed sevaeral stereoisomeric
pairs of bisquarternary tropeines. Their pharmacological studies
showed that the curare-like action of tropine derivatives is much
superior to th&t of the pseudotropines. However, it soon became
apparent that the curvare-like sction was even more dependent on the
cqny;e}}a;ion around the N stom. Fodor discovered that the N-CH3
group of the tropine ring i{s directed toward the C,-COH group of

the molecule. Accordingly, the bisquasternary tropeines pro-

duced by TR quarternization with p-xylylene

halides were of linear structures. Nador also synthesixed certain
bisquarternary tropanes which were stersoisomers on the N atom

of the former. Tha procadure of synthesis was as follows:

First, two moleculas of nor-tyvopineg kew were reacted with one

mol p-xylylene dibromide, thus securing tha aralkyl group toward
the 3-OH group. Whean this compound was quarternized with methyl
halide, the methyl group had to be orientad toward the pyrrolidine
¥ the whole

part of the tropine ring svsten. Thua,
molecule became mzmkwdeman sickie-shaped irstead ¢f becoming linear.
This astersoisomer had sbout 1/40 of the curars-like action of the
linear form. These exampies illustrate the impormnt rolie of
steric §fructurs in curare-iike sction. It ceems to he conceivable
that, for example, a sickle anapad gtoucture cannot adequately at-
tach itself to the veceptore of the sarcolewma of themy striated

muscies. Beslidss thess zteric factors, another important feature

" of curare-like agents is their slesctron distribution sround their

R
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Rc;nrkable d{fference exists betwsen curare like bisquaternary
tropeines and ganglioni¢ blocking monoquaternsxy tropeinesd with megard
to the pharmacologic potency of thair sterecisomers: for example the
curare like poteney of bis-quaternary B (pseudo) -tropine darivativas
is only 2-3 times infarior to that of the corysgponding a-tropine
derivatives wheress B-trapine is 13 timws weaker on the sutonomic
ganglia than its o igomer. In ths lelitsw T#se e sterecisomerism,
dependent upon the positlon of 08 group, ie¢ sf garsmount importance.

It is assumed therefcre that this part of the molscule is belng

attached to tha recspters.Regarding curare like action, nowewsr, it

1s the role of stersciscaerisw on ths H-atow whizh hag sruciel in-
fluence and is respomsible for a 40 fold diffgrsnce % potency hetween
the N-steracisomers. The causs »f this major diffscence muast be that

the cationic W-groups ars thoss which stisck rhamsslves to The receptors

of the neuromusculsr end piates.

Within the groupd of gangliouic blocking tropsines the vole of N-
stereoisomerism is laes marked, (hba zction of thess compounds ie very
weak on the postgamglisnic pacszympaihastic effsctox sltea; in this
regard nc merked €iffarence sxigrs Datwass the stersolsomys.

The stropine Ziks action iz dependert wpon the sreasnce of acldic
groups such g@ tropic- or mandalii:s woids/ [o L90% Cuskoy Sound Chat
1-hyoscismine with the l-tropi: acid eolety fa &(- 100 times woxe potent
in blocking tie postgaiglionié peresvymcathatic effector sites than d-

hyoscliaminia .

We beliawas that imvestigaticn of iscmsre mey #61va 28 & useful guide
for charactavizing ths kaptophore portivm of drug molscules. It seems that
the presenca of thoss molecular grovpe play the most important role in {
the mechanisw of aciicn of certain drugs whose SXNXENKE steric alteratiu‘i:
exkibit the greatest influence on pharmacologgcal activity. i

§
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the' parasympathetic effector sites but‘ the uuioﬁomic gﬁéglia a3 well. Of this
class of eampounds Gastripon has shown thsrapsutic walue. It differs from
Manyl in that it is a tropic acid ester insteed of being & NEmxSrayimsx
mandelic sgid derivetive of tropine. hccording %¢ the clinical observetions

Methautteline  Propastheline
it had a type eof therapeutic actiion similar to those of Bamathime apd pro—Banthine.

We asmus that the i mapsutic & fectivensss of these agents is dus t¢ their dopreu;
sent stion ofi visoeral reflexes. Gasiropine M & N- sterecisomsri: counterpart
which proved to be much less effaciive. Leccording o thy studles of Deocesi Heogw
gastripon which is N{p-ethylbenzyl} sircpinium bromide dme sironger action xmix
on the parasyups thet {c effec tor =itas axl a wesker iafluerncs or the autonamic
genglia then Gastropin., It secemp Yo he mire solactive for paraaympaihesic
ganglia thax Gestropin., Its orsl adsgﬁvzmn is ales bettsr. Tropine eslmrs of
oxysromat ic s¢ids ususlly have only olcoking acticn on autonomic gaagiis.
li:xple sromtic acid esters of tropine someiimes yleld compounds with gmnglionie
stimulent action. In the latter grouy ths moat sfrective coazpound was Medql?
which is the p-phemyl benzyl queternsry derivatiw of p-eminobonwoyitrepine.
According to the ebssrvationms ef Gyermak it {2 30 timss more effective in
stimulating the sympathetioc genglis itban unicotlins, Ip these sysitemmtic studies
it l:::;ntxh demonsfrated that the strength of the sangilonic blosking sction
is directly proporticmml to the size of the quaternizing group. Good sxammples
are novatropine, N.239 and N-310, By chenging the metuyl greupf in Némtropim
by p~ bromobanzyl greup or p-phenvllenzy)l groups the ganglicnie blosking
potency incrsased sbout 5 and 10 ¥imes respecfiw=ly. On $he Cther lmnd ths size
of the erommtic acid greups primsroly infiuenwd activiiy at1 ths Darasympathetic
" postganglicnio receptor sites., Thus the subsiitution of trepic acid by hke
bulkier benzylic or xanthene 9~ cerhoxylie aeids reault%’u sompounds which are
more potent, either ic their tertiary axine 2r methyl ¢wternsry forms than s
stropine. (The same pnecmana haz slse besn observed by Wick and Fugslhardt)

Ne 640 which is the methylquaternary derivat ive of trepine Santhepe 9-earboxylate

has merked action at the paresympathetic postganglionie receptor sites and autes
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nomie ganglisa as well. Howewer the substitution of the N-methyl group of
this campound by the large p-phenylbenzyl group (M665) roaultu} secording
to Gyorgy‘ in & dscrease of anticholinergic potenay.

Our aim te f£ind compounds which can hleek selectively either the sympathesic
or paresympathetic ganglia remained,sc far, uasusoessful. In order to approach
this ebjectiwe we sythesized compounds with strong gasglionie bloeking and
weak &trepine like action. Examples of this elsas of sampounds sre Gastripone
and Nep p
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N&gjiastripone. Recently Nesiwi and Gyorgy succesded in finding

compounds which Chosid.swthnﬂgagaﬁigy) block the sympathetic
(rrerve Ehdinge?) .
In the field of lebeline,type agents, our working

(2220 8
hypothesis originated frow the ocbservations of V. Buwum. He

demonstrated that the pharmscophone grovp of the lsbeline
molecule can be transposed to the W-atom; thus compounds

of considerably sinple?%trumtuxe could be obtaloed. This
observation prompted our investigation with/& -aminoketones .
As a basic refernce compound wa used diethyl&mino-3~ghamyl—
propanon-3.

In the large growp of compounda gynthegized wa found
few which producsd acopolasdne-~ilke depregsion in cate arud
dogs. This was the reason why 1 suggasted the exp loxation
of the possible anti-Parkinson properties of these agentsa.

At that ¢ime, in l%ﬁBé&t geemsd to Le the WoOsY
suitable for thege javestigations to uas the aathod of Rovet
and Lonjo whereby the antagoniss of the picotine comvulaions
on rabbits is assessed. TIi wag £001 discovared thet the
reference compound and iis gipsridine analogue posaess strong
antinlcotinic aa?ivicimga These lLovestigations have bBeaen
continued by one of my calented cotteborators, DT. i deyu-F1 LER
He foumd noag guitable for thervspeulic spplication the
l—piy&ridinemzmwmthyIMBMszwRiigia@ﬁnﬁmnB. This coopuund
which is known under tha name of mydocals, differs, fov
example, from panparnit in that it lacks the atropine-ilke

activity; it doés not produce dryness of the mouth, or tachy-

cavta. FOR PECINIAY HGF ON1Y
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The results of the clinical tests corresponded with
our expectations. This compound indeed ameliorated the
increased muscle tone or rigidity produced by the disfunctioning
of the extrapyramidal system. Part of its action was due to
its inhibitory influence on polysynaptic reflexes. This action
made it also useful as a muscle relaxant.

1f the aryl group of the/ﬁ-aminoketone type compoundﬁis
substituted by an alkyl radical the resulting compounds
exhibit nicotine-like properties and act as antagonists to the
actions of the former compounds. The explanation of th‘s‘
phenemonon is possible by considering the difference which exists
between the electron attracting property of aryl groups which
1s present in one group of these compounds and the electron™s
repellent nature of the alkyl groups existing in the other
group.

According to Barlow in the acetylcholine molecule the
keto group has polarizing effect, thus producing spots of
different electron density. Besides other components such as
steric factors and van der Walls forces, this polarization
might play an important role in the attraction of molecules to
receptor surfaces. Severcal potent nicotinic drugs are of
dipolar character, and the attachment of these compoumds might
very well occur through hydrogen bonds between the keto groups
and the receptor surface. Alycyclic groups also have electron
repellent characteristics. If the keto group is a part of an
alycyclic ring, a lobeline like respiratory stimulant action
becomes predominant? A series cof this type has been investigated
by Pdrzgész, and one of the compounds: l-piperidinomethyl cyclo-

hexan§-2-on has been clinically tested and marketed under the
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!lilx the .name ”spirnctin". U,iike lobeline it hed lon@er mction and ddd not produce

acute‘c;rdiac complicetions. Of the aminoketcnes wit: condensed ring systems those
baving fully hydrated rings possess nicotiue like properties. if, howewer, oaly
ope ring is being kypdmaxsdd hydrogenated as it is && the casev:;mﬁoas thde caripound
pecomes an adrenclytic agent and also decreases basal metabo.ism. This latter
action is mediated through its depressant influance on sympathetic centers of
the hypethalamés, This is indicated by its blod%hg action sagaiast the metatolic
effect of amphetamine. If two alkyl groups are attached to the srometic ring system
as in N=-702 the adrenolytic setion markedly decreasss and a tranquilizing action
of the same intensity as that of chlorpromazine appears. This action was'al:o
discovered by ons cf my pupils Dr, Xnoll.
In the preceeding presentsticn I intended to shortly describe those invostigati;l
" ons to which I have giwn only the initial impetue. A great deal of the merit
must go to my exoellent gnd industricus pupils and coworkers for their eutstanding
performance throughout the mxwgmeiz years of work, Amongst them I would like to
mention the names of the chemist Ur. Nador and the pharmacologista Drs, Gyermek,
PO;SZl;Z. Knoll and Gyorgy. They syntheeized and investigated almost ome thousand
new compounds. igain it became evident that valuable new drugs could only be
developed through determination and systematic pharmacological research. Further-
more, our studies call upon the importance of stersochemical fxzimxx features,
role of staric factors and particularely the significance of tke changes in
electron density.

I believe that further devalopment’in drug resesrch and sn avolution from
its present, greatly empiricul stage cen be expestsd through the sdvancement of
biocheniccl sciences: a more thorough kucwledge is re uired for the understanding
of the function of those enzyme systems which may act as drug receptors. Develop-
ment of new theories in organis chemistry will certeinly ofme. Their application

in pharmacology will also be of great importence for the future success of drug

research.
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